Introduction
now been most cumbersome for patients treated with automatic PD (APD), where the drain volumes may We are constantly reminded of our shortcomings and be 15-30 l. Note that the estimate of clearance for PD inability to cure the increasing number of patients with is based on the removed mass and therefore independend-stage renal disease. Indeed, we can offer a variety ent of theoretical compartment models [8, 9] . Thus, it of dialysis modalities; also kidney transplantation is quite easy to assess the dialysis dose, at least for is available. However, despite numerous technical patients on CAPD. Some computer programs utilize advances and improvements, these patients have an kinetic modelling to estimate and predict the effects of increased risk of complications, co-morbidity and predialysis (e.g. [10, 11] ). mature death. One problem is that only 5-10% of In 1991, it was shown that 24 h drain volume normal renal function can be achieved with dialysis.
collections could be used to get a detailed description This is true for both haemodialysis (HD) and peritonof the peritoneal dialysis capacity (PDC@) for indieal dialysis (PD). At present, it is recommended that vidual patients [11, 12] . The analysis is based on the dialysis should give at least 6 ml/min/1.73 m2 of clearthree-pore model [13, 14] which currently seems to be ance for a solute such as creatinine (or weekly Kt/V the best description of the transcapillary passage of for urea >1.9) for a patient on PD [1] . It is therefore fluid and solutes in the peritoneum as well as in most of pivotal importance to obtain objective measureother organs [15] . The collection of drain fluid is ments of dialysis efficacy. Naturally, this is even more performed by the patient during a more or less normal true for PD than for HD since the exchange occurs day on CAPD. The results are highly reproducible and across a biological membrane with unknown, dynamic agree well with the measured concentrations and drain and highly individual properties. By knowing the propvolumes [11] . However, for patients treated with APD, erties of the peritoneal membrane, or by measuring it previously was necessary to switch to CAPD to clearance, it is possible to prescribe an 'adequate' perform the PDC test, which could be inconvenient dialysis dose.
for some patients, particularly for children. In PD, the additional challenge is that the patient
The aims of the present study were therefore: (i) to must be motivated to follow the given prescription.
develop a technique to ensure reliable measurements This is illustrated by the fact that some studies have of the clearance during APD; and (ii) to use such reported a low compliance rate (75-80%) for patients measurements for estimates of the PDC. treated with PD [2, 3] , a value that probably can be questioned since it is based on creatinine kinetics [4, 5] .
The peritoneal dialysis capacity parameters Nevertheless, it seems safe to conclude that few patients make more PD exchanges than recommended by their The PD capacity parameters have been described in physician.
detail elsewhere [11] . Briefly, the 'area parameter' is The peritoneal equilibration test (PET ) [6 ] is the the total unrestricted pore area available for exchange tool most commonly used to assess the function of the over diffusion distance (A 0 /Dx). It is a dynamic paraperitoneal membrane. The use of PET has greatly meter that will be determined mainly by the number improved our understanding of PD. Unfortunately, it of capillaries perfused at any given time. Normally, does not make it possible to predict the clearance for there is vasomotion in the microcirculation whereby urea and/or creatinine with acceptable precision [7] . blood flows in only one out of four or five capillaries On the other hand, it is rather simple to assess the at any given time [16 ] . The variability in the area clearance by collecting the dialysate over 24 h. This parameter, when repeatedly determined in the same can be done readily for patients treated with continuous individual within 1-2 weeks, seems to be within 5-10% [11] . For adult patients, the 'area' is close to 23 000 cm/1.73 m2. Moreover, the hydraulic conduct-
The final reabsorption of fluid from the abdominal tion ratio is constant during the APD treatment, since cavity to blood (the absorption) reflects the balancing identical PD cycles are used. As previously described, the Starling forces across the capillary wall when the PDC program will then use non-linear regression analysis to glucose gradient has dissipated away. Lymph flow calculate the three PDC parameters that will give the best fit constitutes a minor component of the absorption para-between the theoretical three-pore model and measured meter. A normal value is 1.2 ml/min/1.73 m2 in adult values. The equations used have been presented previously patients. Finally, the 'plasma loss parameter' describes [11] , and the calculations were modified slightly to reflect the flow occurring through the large pore path-the APD situation better. Thus, the capillary recruitment way where there is almost no restriction towards that occurs initially after new dialysis fluid is introduced into the abdominal cavity was found to be more transient and macromolecules. The plasma loss amounts to slightly greater than previously considered. Hence, the equa-0.1 ml/min/1.73 m2 in normal adults. With these indition used to simulate the recruitment effect on the diffusion vidually determined parameters and a three-pore model capacity (PS) for all solutes was: 1+1.5e−0.08t ([11], p. 1196).
it is possible to predict the transperitoneal passage of Also PS urea was 50% higher than predicted from the threefluid and solutes for any given PD regime.
pore model compared with the previously adopted value of 20% [11] . In order to test the validity of the calculations, repeated
Method
PDC measurements were done within 1-2 weeks using one CAPD and several APD protocols with increasing volume
Reproducible sampling of drain fluid during APD
(15-30 l/treatment) in five patients. The results were evaluated regarding both the PDC parameters and the precision Collecting all APD drain fluid was not considered practical, of predicted actual removal of solutes and fluid. due to the large volumes involved. Therefore, we designed a sample bag attached to a line with a short narrow part (i.d. 0.5 mm) to be connected to the drain line. This allowed Results 5-15% of the total drain volume to be collected in the sample bag which had a valve that prevented backflow. No
In vitro experiments pumps were needed, and the height of the sample bag was kept at the level of the drain line ending. According to The test results are given in Table 1 . The first six Poiseuille's law, the resistance to flow is proportional to the measurements were done with different prototypes of fourth power of the radius. Thus, the sample bag will be the flow restrictor in the sample line (see above), and filled with a fraction of the total drain volume as long as a manufactured sample set was used for the remaining there is an elevated pressure and hence flow in the drain line.
five measurements. The estimated urea concentrations
The reproducibility was tested using 10 identical cycles in in Table 1 were calculated from the sample volumes, PD machines of two different brands (HomeChoice, Baxter and PD-100, Gambro). Eleven tests were done with different assuming a fall in the urea concentration in the dialysfill volumes and flows.
ate from 10 to 5.5 mM over the treatment period. Indeed, there was a slight variation in the sample volume from cycle to cycle, but the estimated error in Estimating the peritoneal dialysis capacity for patients urea determination was <1%.
on APD
The APDC measurement was started with a complete drain Patient data followed by one or two daytime exchanges. The longer exchanges are needed to obtain information about the longer The measured concentrations and volumes could be dwells. The patient weighed the PD bag before and after the determined accurately in all five patients. This is illusdaytime bag exchange, noted the exact time for start of drain trated in Figure 1 , showing the results of one CAPD and for start of fill, and took small samples of the well-and three APD measurements within 2 weeks from a mixed dialysate, as previously described for CAPD measure-representative patient. In Table 2 , the PDC parameters ments [11] . Blood samples were taken in the morning and are presented for each of these measurements. Note 24 h later, and a 24 h urine collection was made. A manual that for the area parameter the coefficient of variation, drain was performed before connecting to the APD machine. CV%, is 5.9%, and is slightly higher for the absorption The APD treatment was completed and the patient returned (7.8%) and the plasma loss parameters (18%).
to the PD unit in the morning with dialysate and urine samples as well as a record of the treatment. Blood and dialysate samples were analysed with respect to the concentraDiscussion tions of sodium (in plasma only), urea, creatinine, glucose and albumin.
The computer uses the measured values to simulate the The PD patient often has other complications and plasma concentration (P) of urea and creatinine over time intercurrent diseases that may cause symptoms similar based on simple mass balance. The main assumption is that to those of uraemia. In order to differentiate inadequate the generation rates of creatinine and urea remain approxi-dialysis from other causes, it is necessary to measure mately unchanged during the observation period. By knowing the equivalent renal function obtained by dialysis. For the blood concentration profile during the APD treatment, patients on CAPD, this can be done by collecting the the dialysate concentrations (D) can be estimated for each drain volume during a 24 h period and taking a wellcycle during the APD treatment. Again mass balance is applied to account for the total amount of solute being mixed sample for analysis. The clearance or Kt/V for urea can then be computed easily. However, to assess assumptions are valid since there was such good agreement between measured and calculated data. the clearance for a patient treated with APD has so far been much more laborious. With the simple device As described in Methods, the calculations were slightly modified from those previously presented [11] . described in the present study, representative samples can be taken even with extreme APD volumes. The This was done in order better to describe the situation during APD with larger total dialysis fluid volumes. 5-15% of the total drain volume collected in the sample bag can be handled and analysed easily. Hereby, it is Thus, with the previous version of the PDC calculations, the clearance of urea (and, to a lesser extent, possible to evaluate the dialysis dose regardless of the PD modality used by the patient. creatinine) was underestimated systematically for the situation of a large number of short exchanges. In There are two assumptions that are needed in order to simulate the blood and dialysate concentrations contrast, the present results demonstrate that clearance could be predicted adequately even with 25-30 l of PD during the APD treatment as well as the blood concentration during the day. Firstly, the generation of urea volumes over 10 h; see Figure 1 . Moreover, similar values for the PDC parameters were obtained whether and creatinine is considered to be constant over the 24 h period. This is probably not quite true since for using a CAPD protocol or an APD protocol for the measurements. These results suggest that it is indeed both solutes the production is dependent on endogenous factors and food intake. The second assumption is that fruitful to estimate the characteristics of the peritoneal membrane of individual patients, since the PDC parathe D/P concentration ratio is more or less constant during the APD treatment. It seems likely that the meters can be used for predictions of PD exchange. 
